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USE OF SULFATED POLYSACCHARIDES TO
DECREASE CHOLESTEROL AND FATTY ACID
ABSORPTION

This application is a continuation-in-part application
of pending U.S. Pat. Application Ser. No. 07/340,868,
filed on Apr. 20, 1989.

BACKGROUND OF THE INVENTION

This invention relates to a method for decreasing
Intestinal cholesterol and fatty acid absorption in man
and, specifically, to inhibiting or decreasing intestinal
cholesterol and fatty acid absorption by oral administra-
tion of synthetic sulfated polysaccharides which inhibit
pancreatic cholesterol esterase. The invention is based
upon our discovery of sulfated polysaccharides which
are potent nhibitors of human pancreatic cholesterol
esterase, the enzyme responsible for promoting the in-
testinal absorption of cholesterol and fatty acids derived
from their esterified dietary forms. The invention is also
based on our observation that such agents are stable and
are bioavailable to the intestine when delivered in baked
g00ds such as biscuits and can therefore be administered
In food products.

Atherosclerosis is the leading cause of death in the
United States and high serum cholesterol concentra-
tions are associated with increased risks of fatal athero-
sclerosis events, J. 4. M.A., 53 2094 (1985) (NIH Consen-
sus Panel). In 1988. a Consensus Panel of experts at the
National Institute of Health stated that a major public
health priority was the reduction of cholesterol, and
that the goal of front line therapy should be to diminish
the intestinal absorption of cholesterol, either through
eating less cholesterol or through the use of drugs
which act in the intestine to reduce cholesterol levels,
Arch Inst. Med., 148, 36 (1988) (Consensus Full Report).
Currently, the principal drug to inhibit cholesterol ab-
sorption 1s cholestyramine, a bile acid sequesterant.
“Agents to Treat Hyperlipidemia”, The AMA Drug
Evaluations, 6th Ed., p. 903. This agent binds bile salts
within the intestinal lumen, and the resulting complex is
excreted 1n the feces. Since bile acid is not reabsorbed,
the liver uses additional cholesterol to synthesize more
bile which effectively lowers the sterol concentration in
the body. Bile salt sequesterants are effective in lower-
ing cholesterol, but they seldom reduce serum choles-
terol by more than 15%, and they are poorly tolerated
by patients. Large quantities of these ion exchange res-
Ins must be ingested (15g or more), which lead to as-
saults on both the gustatory senses and intestinal func-
tion. Common side effects are constipation and bloating
JAMA., 253. 2095 (1985).

Cholesterol esterase is secreted by the pancreas after
eating and is active in hydrolyzing ingested dietary
esters of cholesterol. The enzyme is essential for absorp-
tion of cholesterol. If enzyme activity is removed from
pancreatic juice, no cholesterol absorption occurs. If

the cholesterol esterase activity is returned, absorption 60

of cholesterol occurs. Borja et al., Am. J Physiol., 206.
223 (1964) and Vahouny and Treadwell; Proc. J. Exp.
Biol. and Med., 116, 496 (1964). In man, the 100 kiloDal-
ton (kDa) molecular weight protein responsible for
hydrolyzing cholesterol! esters is also the principal tri-
glyceride lipase in the pancreas. Bosner, et al., Clin.
Res., 37, 366A (1989). Since fatty acids are also Impor-
tant in the genesis of atherosclerosis, the enzyme choles-

10

15

20

25

30

35

45

>0

33

65

2

terol esterase is essential in the intestinal absorption of
those lipids responsible for producing atherosclerosis.
Despite this key role and the stated mission of the
NIH to target strategies of diminishing cholesterol ab-
sorption from the intestine, no systematic study of inhi-
bition of humar: pancreatic cholesterol esterase has been
performed. In fact, few studies have focused on the
human enzyme at all, with most attention directed to
other mammalian enzymes (rat, pig, and cow) Calame
et al., Arch. Biochem. Biophys., 168, 57 (1975); Van den
Bosch et al., Biochem. Biophys. Acta., 286, 94 (1973):
Momsen et al., Biochem. Biophys. Acta., 486, 103 (1977):
Guy et al., Eur. J. Biochem., 117, 457 (1981); and Sutton
et al., Biochem. Biophys. Res. Commun., 134, 386 (1986).
Thus, there has been an important and continuing need
to discover inhibitors of human pancreatic cholesterol
esterase. The pharmacology of various sulfated poly-
saccharides has been investigated. Cook and Cam-
marata, Arch. Intern. Pharmacodyn., 144, 1 (1963). In
particular, sulfated amylopectin has been taught in U.S.
Pat. No. 4,150,110 as an antiulcer agent, but its proper-
ties as a cholesterol esterase inhibitor, which decrease
absorption of cholesterol, have not been recognized.
Sulfated dextran has been identified as an antiulcer
agent, Am. J. Surgery, 113, 27 (1967). This compound
has been recognized for use in the treatment of hyperli-
pemia and as an orally administered anticoagulant, Brit-
ish Patent No. 953,626. In addition, certain sulfated
dextrans, specifically those of low molecular weight
(7000-8000, 7-8 kDa), have been shown to reduce
serum cholesterol levels at a dose of 1800 mg/day.
Goro et al., J. Clin. Biochem. Nutr. 2:55-70 (1987).

SUMMARY OF THE INVENTION

The present invention is directed to compounds and
methods for decreasing intestinal absorption of choles-
terol and fatty acid by inhibiting human pancreatic
cholesterol esterase, a key enzyme involved in mediat-
iIng absorption, by orally administering sulfated poly-
saccharides having molecular welghts greater than 10
kDa in an amount effective for inhibiting cholesterol
esterase.

DESCRIPTION OF THE DRAWINGS

FIG. 1. The synthetic strategy for preparing several
sulfated alginic acid derivatives.

FIG. 2. Inhibition of human cholesterol esterase (100
kDa) by various sulfated alginic acid derivatives.

FIG. 3. The synthetic strategy employed for prepar-
Ing several sulfated chitin and chitosan derivatives.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with the present invention, we have
made certain discoveries concerning structural features
of sulfated polysaccharide inhibitors of human pancre-
atic cholesterol esterase, including discoveries as to the
synthesis and characteristics of sulfated polysaccharides
that render highly specific derivatives with subnanomo-
lar inhibitory constants.

Low molecular weight sulfated dextran has been used
to reduce serum cholesterol levels. Goro et al., J. Clin.
Biochem. Nutr., 2:55-70 (1970). The molecular welght
of this sulfated dextran is between 7-8 kDa. This low
molecular weight allows the sulfated dextran to be ab-
sorbed by the gastrointestinal system. Absorbtion of the
sulfated dextran may contribute to various side effects
as well as decreased efficacy. In addition, this dextran is
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randomly sulfated at various positions of the polysac-
charide.

Increased inhibitory activities are realized from in-
creased molecular weight and sulfation at a specific
position; Increased efficacy is obtained by reducing

absorbtion of the polysaccharides. Accordingly, the
present Invention includes non-absorbable sulfated
polysaccharides having a molecular weight greater than

10,000 (10 kDa) for use in inhibiting the activity of

cholesterol esterase. The present invention is also di- 10

rected to sulfated polysaccharides which are sulfated in
a controlled manner at the 3-position.

Our investigations indicated that a variety of polysac-
charide polymers that exist in nature can be sulfated to
produce potent inhibitors of human pancreatic choles-
terol esterase. Thus, we have reacted in a controlled
manner a variety of abundant and cheap polysaccha-
rides such as alginic acid (from seaweed), pectin (from
vegetables and fruit), chitin and chitosan (from mol-
lusks), and dextrans and cellulose (from plants and
trees) to produce sulfated derivatives. These derivatives
are all water soluble, potent inhibitors of human pancre-
atic cholesterol esterase, whereas the parent starting
polymers are either not inhibitory or poorly inhibitory.
In addition, sulfated amylopectin is an effective inhibi-
tor of cholesterol esterase. Amylopectin sulfate and its
uses as a pharmaceutical agent is described in U.S. Pat.
Nos. 4,150,110 and 4,066,829. The use of dextran sulfate
as a pharmaceutical agent is discussed in Am. J. Surgery,
113, 27 (1967). These disclosures are incorporated
herein by reference.
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to inhibit the absorbance of cholesterol. The increased
molecular weight also increases the inhibitory activity
of the polysaccharides. For example, dextran sulfate of
molecular weight 5000 (5 kDa) exhibited an I1Csg of 20
nM, while the ICsg of 500,000 molecular weight (500

kDA) dextran sulfate was 0.02 nM.
Accordingly, the present invention includes com-

pounds of the formulas:

CH>0803Na

CH>OS803Na CH,;0OS0O3Na 3
O O O 0H

O OSO3Na
OS0O3Na OSO3Na 3
HO

NHR
NHR; L NHR i, 1

having a molecular weight greater than 10 kDA and

20 wherein Rj1s —COCH;3 or —SO3Na,

23

30

5 COONa
0 O | 9 oH
O A 00N OJ/\0SO;Na
OSO3Na 3Na
HO
NHSO;3Na
NHSO3Na L NHSO3Naj, :

having a molecular weight greater than 10 kDa

COQONa
COONa N O
OH

COONa | O

O O OSO3Na » OF

O OSO3Na
0OS0O3Na
HO NHCOCH:;
L NHCOCH; "
NHCOCH;

Furthermore, agar, after extraction from algae and
sulfation, 1s an extremely potent inhibitor of human
pancreatic cholesterol esterase. Agar is a linear polysac-
charide composed of alternating D-galactose and 3, 6
anhydro-L-galactose units. Treatment of commercial
gum agar results in a gel which is soluble in water. This
aqueous solution inhibits human cholesterol esterase
with an ICsp of 3.3 10—!1!M (assuming a molecular
welght of 300kDa). Native agar, in contrast, is a much
weaker mhibitor of human cholesterol esterase, having
an ICspof 3 X 10—3M. This inhibition may be due to the
presence of agaropectin, a sulfated form of agar which
contaminates most commercial preparations of agar.

While a number of structural features can modulate
the degree of inhibition, the presence of a 3-sulfate
markedly enhances inhibition. The presence of a 3-sul-
fate on the sugar ring is both necessary and sufficient for
producing inhibitory activity in various polysaccha-
rides toward human pancreatic cholesterol esterase.
However, the presence of a 2-sulfate decreases inhibi-
tion while a 6-sulfate is unnecessary.

The efficacy of sulfated polysaccharides for decreas-
ing absorbance of cholesterol 1s increased by reducing
the absorbtion of the sulfated polysaccharide. High
molecular weight sulfated polysaccharides are non-
absorbable and, therefore, are necessary and sufficient
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having a molecular weight greater than 10 kDa.

In essence, our discovery leads to a practical method

for converting naturally occurring polysaccharide pol-
ymers often regarded as waste to a series of high potent,
cheap, non-absorbed and non-toxic inhibitors of choles-
terol and fatty acid absorption that can be administered
as a soluble agent in small and well-tolerated quantities.

These sulfated polysaccharide inhibitors of choles-

terol esterase can be administered in pharmaceutical
dosage forms such as tablets, capsules, liquids, and pow-
ders. They also can be incorporated with food products
such as biscuits and cookies. In essence, sulfated poly-
saccharides can be used as a dietary supplement to re-
duce cholesterol and fatty acid absorption. Those
skilled 1n the food and pharmaceutical arts will recog-
nize a wide variety of formulations and vehicles for
administering sulfated polysaccharides. Preferably, sul-
fated polysaccharides are administered with food or
about the time of food intake.

Moreover, these sulfated polysaccharide inhibitors of
cholesterol esterase can be administered in combination
with cholesterol synthesis blockers. Patients treated
with cholesterol synthesis blockers experience various
toxic side effects. This toxicity can be reduced by de-
creasing the dose of cholesterol synthesis blocker ad-
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ministered to the patient. Therefore, administering the
sulfated polysaccharides of the present invention in
combination with drugs that are absorbed by the gastro-
intestinal tract and block the endogenous biosynthesis
of cholesterol allows for decreased dosages of choles-
terol synthesis blockers to obtain the same end result.
The toxicity associated with cholesterol synthesis
blockers can be effectively reduced while still reducing
serum cholesterol levels.

Persons having skill in the art will recognize various
cholesterol synthesis blockers, such as, for example,
lovastatin, which can be combined with the sulfated
polysaccharides of the present invention to reduce
serum cholesterol levels.

The 1nvention is illustrated further by the following
examples which are not to be construed as limiting the
invention in scope or spirit to the specific procedures
described in them.

EXAMPLE I

Alginic acid from Macrocystis pyrifera (kelp) was
dissolved in water at a concentration of 1 mg/ml. This
stock solution was used to prepare various polysaccha-
ride concentrations down to 10—> mg/ml. Human pan-
creatic cholesterol esterase was purified as described by
Bosner et al., Proc. Nat'l. Acad. Sci., 85, 7438 (1988). To
measure cholesterol esterase inhibition by alginic acid,
50 ul of cholesterol esterase (10 ug/ml), 75 ul of phos-
phatidylcholine vesicles containing cholesteryl 4C-ole-
ate (1 mM 2,000 CPM/nmole), 25 ul of 100 mM tauro-
cholate, 120 ul of 150 mM Tris, pH 7.5 and 30 ul of test
algimic acid solution were incubated at 37° C. for fifteen

minutes. The assay was quenched by placing the reac-
tion vessels in a 4° C. ice bath and by adding 0.6 ml of
0.3 N NaOH and 3 ml of benzene/chloroform/me-
thanol (1.0/1.2/0.5). The quenched reactions were vor-
texed for 30 seconds, centrifuged at 3,000 g for 15 min-
utes and 1 ml of the upper aqueous phase was added to
7 ml of Aquasol-2 (DuPont) with 0.025 ml of 6 N HCL
These mixtures were vortexed for one minute and
counted for 14C-oleate. The counts were compared to a
sample which contained cholesterol esterase but no
alginic acid to determine the percentage of inhibition.
Following this assay procedure, alginic acid was
tested for inhibition from 10— mg/ml to 10—4 mg/ml.
As shown in FIG. 2, this polysaccharide had an ICsg of
4 pg/ml or 20 nM (assuming a molecular weight 240

kDa).
EXAMPLE II

Sulfation of alginic acid markedly enhances its inhibi-
tory ability, as shown by preparing various sulfated
derivatives (FIG. 1) and testing them as cholesterol
esterase inhibitors.

Compound 2

Sodium alginate (150 mg) was treated with glacial
acetic acid (5 cc) for two hours at room temperature,
filtered and resuspended in N,N-dimethylformamide (5
ml). To the stirred solution, sulfur trioxide-pyridine
complex (1.5 g) was added over 30 minutes at room
temperature and the resulting mixture was stirred over-
night (16 hr). Dry pyridine (5 ml) was then added and
the sulfated alginic acid was precipitated with 100 ml of
acetone-methanol (9:1) mixture. The precipitate was
dissolved iu H,0O (50 ml) and the pH of the solution was
adjusted to pH 8 with 1 N NaOH. Re-precipitation with
acetone-methanol (9:1) mixture (~ 200 ml) yielded the
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sodrum salt of sulfated alginic acid. This compound was

tested for cholesterol esterase inhibition as described
above and it had an ICsp0f 0.25 ug/ml or 1.0 nM (FIG.
2).

Compound 5

Sodium alginate (1 g) was dissolved in 100 cc of de-
ionized water, and 60 ml of 0.1 M bromine solution
were added with stirring. The mixture was stirred at
room temperature for 24 hr, and subsequently, the pH
of the solution was adjusted to 8.0 with 1 N NaQOH.
After dialysis against water (6 litersX4) for 48 hours
using 3,500 M.W. cut-off membrane, the solution was
lyophilized to give 810 mg of oxidation product (Com-
pound 3; FIG. 1).

To 575 mg of Compound 3 in water, 8 g of ammo-
nium acetate and 8 g of sodium cyanoborohydride were
added with stirring. The pH of the mixture was adjusted
to 6.0 with 0.1 N HCI and stirring was continued at 40°
C. for 48 hr. After cooling the mixture to room temper-
ature, the pH of the solution was adjusted to 4.0 with 1
N HC, and stirring was continued at room temperature
for an additional 2 hrs. The reductive amination prod-
uct was precipitated by adding absolute ethyl alcohol.
This precipitate was dissolved in water (200 cc) and the
pH was adjusted to 9 with 2 N NaOH solution. Treat-
ment of this solution with 500 cc of ethyl alcohol-ace-
tone (1:1) yielded a gelatin-type material which was
collected by centrifugation. The resulting material was

washed several times with absolute alcohol and acetone
and lyophilized to yield 532 mg of the reduction prod-
uct (Compound 4; FIG. 1).

Sulfation of Compound 4 was performed using sulfur
trioxide pyridine complex by the method described
earhier (see Compound 2). This sulfated alginic acid
(Compound 5; FIG. 1) was tested for cholesterol ester-
ase mhibition, and 1t had an ICsg of 0.25 pwg/ml or 0.10
nM (FIG. 2).

Compound 6

Oxidized alginic acid (500 mg; Compound 3) was
treated with glacial acetic acid (25 ml) for 2 hr, the
residue was suspended in DMF (25 ml) and 5 g of sulfur
trioxide-pyridine complex were added over 30 min
while the DMF solution stirred at 4° C. The reaction
mixture was allowed to warm to room temperature and
it was stirred for an additional 24 hr. Pyridine (25 ml)
was added to the reaction mixture and the sulfated
product was precipitated by adding acetone: methanol
(9:1) to the solvent mixture (500 cc). The residue was
dissolved 1n 60 ml of water and it was converted to the
sodium salt by adjusting the pH of the solution to 8 with
1 N NaOH solution. The solution was dialyzed against
water (4 liters X 6) using 3,500 M.W. cut-off membrane
over 48 hr and lyophilized to yield 520 mg of sulfated
alginic acid (Compound 6; FIG. 1). This compound
inhibited cholesterol esterase with an ICsg of 0.06
pg/ml or 0.025 nM.

Compound 7

The sulfated alginic acid (Compound 7; FIG. 1) was
prepared as described (Larm, 0., Larsson, K., Scho-
lander, E., Andersson, L.G., Holmes, E. and Soder-
strom, G., Carbohydrate Research 73:332, 1979). This
compound inhibited cholesterol esterase with an ICsgof
0.10 ug/ml or 0.42 nM.

All the sulfated derivatives of alginic acid are supe-
rior inhibitors when compared to the native polysac-
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charide. These results are tabulated below and show
that sulfation enhances inhibition from 20 to 200-fold:

Sample [Csp (nM) Enhancement Factor
Alginic Acid 20.0 1.0
Compound 2 1.0 20.0
Compound 5 0.10 200.0
Compound 6 0.25 80.0
Compound 7 0.42 48.0

EXAMPLE III

Other common polysaccharides, when suifated, also
are potent inhibitors of cholesterol esterase.

Sulfated pectin was prepared by treating pectin (2 g)
with glacial acetic acid, the polysaccharide was resus-
pended 1n N,N-dimethylformamide (25 ml), and the
stirred suspension was cooled to 0° C. with an ice bath.
Sulfur trioxide-pyridine complex (10 g, Aldrich) was
added, and the temperature of the solution was allowed
to reach room temperature. After stirring for an addi-
tional 3 hr, pyridine (20 ml) was added and the sulfated
polysaccharide was precipitated with 95% ethyl alco-
hol (~300 ml). The precipitate was dissolved in water
and the pH was adjusted to 7.5 with | N sodium hy-
droxide. Re-precipitation with 95% ethanol gave 1.8 g
of the sodium salt of pectin sulfate. (Found: C. 34.53; H,
4.54., 0, 47.21; §, 0.77; Na, 8.31).

This compound was tested for cholesterol esterase
inhibition and it had an ICsp of 0.6 pug/ml or 30 nM
(assuming a molecular weight of 20 kDa). Importantly,
native, unsulfated pectin does not inhibit cholesterol
esterase, demonstrating the importance of sulfation for
effective inhibition.

Native pectin occurs naturally as the partial methyl
ester of a(l—4) linked D-polygalacturonate sequences.
The methyl ester was converted to the free acid by
treatment with pectinesterase. Specifically, 1 g of pectin
was dissolved in 100 ml of 0.1 M NaCl. The pH was
adjusted to 7.5 and pectinesterase (1.4 mg, 250 Units,
Sigma) was added. The pH of the reaction mixture was
maintained at 7.5 with 0.1 N sodium hydroxide solution.
When there was no further change in pH, about 2 hr.,
the solutton was transferred to dialysis tubing and dia-
lyzed against water overnight (4 liters X4) Lyophiliza-
tion of the dialyzed solution gave 820 mg of hydrolyzed
pectin. The methyl ester cleaved product was sulfated
in a sitmilar manner as described above for native pectin.
This sulfated pectin inhibited cholesterol esterase with
an ICsp of 0.04 pg/ml or 2 nM.

Chitin, another naturally occurring polysaccharide,
also contains potential sites for sulfation. Thus, 300 mg
of chitin were treated with 5 ml of glacial acetic acid for
2 hr. at room temperature, and the insoluble chitin col-
lected and resuspended in 10 ml of DMF. Sulfur triox-
1de-pyridine complex (3 g) was added at room tempera-
ture and the reaction mixture was stirred. After 80 hr.,
5 ml of pyrnidine were added and the solution stirred for
an additional 30 min. Sulfated chitin was precipitated by
adding 95% ethyl alcohol (100 ml), and the solid was
suspended 1n 100 cc of water and the pH of the solution
was adjusted to 7.5. The chitin solution was then dia-
lyzed against water for 48 hr. The solution was filtered
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and the clear filtrate was lyophilized to yield 48 mg of 65

sulfated chitin. Chitin sulfate inhibited human choles-
terol esterase with an ICsp of 0.03 pug/ml or 0.06 nM
(assuming a molecular weight of 300 kDa).
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Since chitin 1s so insoluble, chitosan was used as start-
ing material to increase the amount of sulfated material.
Chitosan (1 g) was treated with 20 ml of glacial acetic
acid for 2 hr at room temperature, and the residue was
suspended 1n 25 ml of N,N-dimethylformamide. To this
stirred solution, sulfur trioxide-pyridine complex (10 g)
was added at room temperature. The resulting mixture
was stirred for 2 hr and kept at room temperature for 72
hr. Pyridine (20 ml) was added and the sulfated chitosan
was precipitated with acetone-methanol (9:1). It was
then dissolved 1n 200 ml of water and the pH of the
solution adjusted to 7.5 with 2 N sodium hydroxide
solution. Re-precipitation with 959% ethyl alcohol gave
the sodium salt of chitosan sulfate, which was redis-
solved 1n 200 ml of water. The polysaccharide solution
was dialyzed against water (6 liters X4) for 48 hr and
then lyophilized to give 1.12 g of the sodium salt of
chitosan sulfate. When tested as an inhibitor of choles-
terol esterase, 1t gave an ICsg of 0.015 pg/ml or 0.03
nM.

Other commercially available, sulfated polysaccha-
rides were also tested for inhibitory ability. Thus, cellu-
lose sulfate (M.W.=500 kDa) had an ICsg of 0.02 nM
and dextran sulfate also had an ICsp of 0.02 nM. The
ICso’s for all these sulfated compounds are summarized
below:

Compound ICsp (nM)
Pectin Sulfate 30.0
Pectin (Hydrolyzed) Sulfate 2.0
Chitin Sulfate 0.06
Chitosan Sulfate 0.03
Cellulose Sulfate 0.02
Dextran Sulfate? 0.02
Dextran Sulfate? 20.0

“Dextran Sulfate of molecular weight 500,000
’Dextran Sulfate of molecular weight 5000.

In addition, amylopectin sulfate, prepared as de-
scribed below, acts as an inhibitor of cholesterol ester-
ase.

Into a jacketed reaction vessel equipped with means
for mechanical agitation and containing 1,100 parts of
softened water (deionized, distilled, or tap water may
also be used) 275 parts of amylopectin fractionated from
potato starch was added, with stirring. After 30 minutes
agitation, the pH was adjusted to about 10.5-11.0 with
portions of a 25%, by weight, aqueous NaQOH solution.
The temperature was 80° F.

Six hundred and twenty parts of a trimethylamine-
sulfur trioxide complex were slowly added over a per-
10d of one and a half hours. Simultaneously, more of the
25% NaOH solution was introduced by means of a
programmed addition designed to maintain the pH at
11.0. This programmed addition was maintained
throughout the entire reaction.

After all the trimethylamine-sulfur trioxide addition
product was added, the vessel was closed and a vacuum
of 12" water was applied in order to initiate the removal
of some of the trimethylamine which was being formed
during the reaction. At the same time the temperature
was siowly raised to 122° F. over a period of one and a
halt hours with continuing programmed additions of
caustic. After 11 hours at 122° F., with caustic additions
programmed to keep the pH at 11.0, the reaction was
completed.

The vacuum was then raised to 27" mercury and the
trimethylamine was removed by stripping while the pH
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was maintained at 11 through the programmed addition
of the 25% NaOH solution. After the bulk of the tri-
methylamine was removed, water stripping was started
using 1150 parts of water while keeping the pH at about
11. 5
e free trimethylamine content was reduced to
below 100 p.p.m. after which the vacuum was removed
and the solids adjusted to a level of 259, by weight, and
the pH to 10.8-11.0. The resulting solution was then
dialyzed continuously against soft water, using parch-
ment as a membrane to a salt content of 5% Na>;SOq
based on the starch solids.

The pH at this stage was about 8. The product was
then spray dried using an inlet temperature of 450° F.,
and an outlet temperature of 210° F.

The resulting spray dried amylopectin sulfate was in
the form of a white powder and entirely devoid of any

odor or taste resulting from the presence of any residual
traces of unreacted trimethylamine.

EXAMPLE IV

The sulfated polysaccharides described here also
inhibit the hydrolysis of triolein by the human 100 kDa
cholesterol esterase. (The same assay procedure was
used as described in Part I, only triolein was used in-
stead of cholesteryl oleate.) As shown in the table be-
low, the ICsp for inhibition of triolein hydrolysis is
nearly the same as that for cholesteryl oleate hydrolysis.
These data indicate that these compounds are also use-

ful agents for blocking the uptake of fats, as well as the
uptake of cholesterol.
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- _ICsp (nM) _
Triolein Cholesteryl Oleate

42.0 20.0
3.3 1.0
0.25 0.10
0.83 0.25
0.42 042

25.0 30.0
2.5 2.0
0.14 0.06
0.16 0.03
0.06 0.02
0.08 0.02

35

Compound

Alginic Acid
Compound 2
Compound 5
Compound 6
Compound 7
Pectin Sulfate
Pectin (Hydrolyzed Sulfate)
Chitin Sulfate
Chitosan Sulfate
Cellulose Sulfate
Dextran Sulfate

45

EXAMPLE V

The sulfated polysaccharides described here retain
their inhibitory activity for prolonged periods at ele-
vated temperatures. This property allows them to be
stable under baking conditions and provides a conve-
nient vehicle for their administration. For example, 109
mg of cellulose sulfate were added to 198 gm (7 oz) of
corn muffin mix (Gold Medal ®)) and the solid ingredi- 55
ents were thoroughly mixed together. After the addi-
tion of one egg and one-third cup milk, the muffin mix
was stirred fifteen times. The mixture was poured into
nine muffin tins and baked for fifteen minutes in a 400°
oven. The next day one muffin was broken up, added to
100 mli of water and allowed to stand for fifteen minutes.
The mixture was centrifuged and the clear supernatant
was assayed for the presence of cholesterol esterase
inhibition. The 1Csp of this solution was achieved when
this solution was diluted 10°-10% times. These data indi-
cate that the inhibitor is stable under baking conditions
and that it can be released into solution from baked
goods.
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EXAMPLE VI

Sulfated agar was prepared from commercial agar by
first suspending 2g of commercial agar in N,N-dime-
thylformamide (25 ml), and cooling the stirred suspen-
sion to 0° C. with an ice bath. Sulfur trioxide-pyridine
complex (10 g, Aldrich) was added, and the tempera-
ture of the solution was allowed to reach room tempera-
ture. After stirring for an additional 3 hr, pyridine (20
ml) was added and the sulfated polysaccharide was
precipitated with 95% ethyl alcohol (~300 ml). The
precipitate was dissolved in water and the pH was ad-
Justed to 7.5 with 1 N sodium hydroxide. Reprecipita-
tion with 95% ethyl alcohol gave sulfated agar.

Human pancreatic cholesterol esterase was purified
as described by Bosner et al., Proc. Natl. Acad. Sci., 85,
7438 (1988). To measure pancreatic cholesterol esterase
inhibition by sulfated agar, 50 ul of pancreatic choles-
terol esterase (10 ug/ml), 75 ul of phosphatidylcholine
vesicles containing cholesteryl 14C-oleate (1 mM 2,000
CPM/nmole), 25 ul of 100 mM taurocholate, 120 ul of
150 mM Tris, pH 7.5 and 30 pl of test sulfated agar
solution were incubated at 37° C. for fifteen minutes.
The assay was quenched by placing the reaction vessels
in a 4° C. ice bath and by adding 0.6 ml of 0.3 N NaOH
and 3 ml of benzene/chloroform/methanol
(1.0/1.2/0.5). The quenched reactions were vortexed
tor 30 seconds, centrifuged at 3,000 g for 15 minutes and
I ml of the upper aqueous phase was added to 7 m! of
Aquasol-2 (DuPont) with 0.025 ml of 6 N HCl. These

mixtures were vortexed for one minute and counted for
14C-oleate. The counts were compared to a sample
which contained cholesterol esterase but no sulfated

agar to determine the percentage of inhibition.

Following this assay procedure, sulfated agar was
determined to have an ICsp toward human pancreatic
cholesterol esterase of less than 3.3 x 10— 1M, or 0.033
nM (based on a molecular weight of 300 kDa).

The ICsp was determined for native (unsulfated) agar
to be 3 X 108M, or 30 nM. This inhibition may be due to
contamination of agar by agaropectin, a sulfated form of
agar found in most commercial preparations of agar.

EXAMPLE VII

The structural basis for the potent inhibition of
human pancreatic cholesterol esterase exhibited by chi-
tosan (0.03 nM, Example III) was determined by pre-
paring a number of chitosan derivatives sulfated at vari-
ous positions on the polysaccharide ring. Five different
compounds were synthesized using the strategy out-
lined in FIG. 3, and their inhibitory activity was deter-
mined in the assay described in Example V1, above. The
structure activity relationships for the five sulfated
polysaccharides is summarized below.

As the data demonstrates, the presence of 3-sulfate is
both necessary and sufficient to produce inhibitory
activity by these polysaccharides toward human pan-
creatic cholesterol esterase. However, sulfation at the
2-position decrease activity while 6-sulfation is unneces-
sary.

SULFATION POSITION

COMPOUND 20 36 60 ICsq
Ia + + + 8 X 103
Ib - + + 1 x 10—4
I + + — 8 X 10—4
111 + — — N.IL
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-continued
SULFATION POSITION
COMPOUND 29 30 60 ICsq
aY — + — ] x 10—4

“Position 2 is N-sulfatio::;
bpositinns 3 & 6 are O-sulfation.

From the foregoing it will be appreciated that, al-
though specific embodiments of the invention have
been described herein for purposes of illustration, vari-
ous modifications may be made without deviating from
the spirit and scope of the invention. Accordingly, the
inventton is not limited except as by the appended
claims.

What i1s claimed is:
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1. A method for inhibiting human pancreatic choles-
terol esterase comprising contacting the human pancre-
atic cholesterol esterase with an effective inhibiting
amount of a 3-sulfate polysaccharide having a molecu-
lar weight greater than 10,000 Daltons.

2. A method according to claim 1 wherein the 3-sul-
fate polysaccharide has a molecular weight greater than
100,000 daltons.

3. A method according to claim 2 wherein the 3-sul-
fate polysaccharide has a molecular weight greater than
200,000 Daltons.

4. A method according to claim 1 wherein the 3-sul-
fated polysaccharide is selected from the group consist-
ing of 3-sulfated alginic acid, pectin, amylopectin, chi-

tin, dextran, cellulose, agar, or chitosan.
x * : d
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